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(S) Liquid crystal display system. 

@) In a stacked liquid crystal display system constructed from a plurality of liquid crystal display cells 
stacked one on top of another, separation of images due to an increase in the viewing angle is 
prevented. In a liquid crystal display system (1) constructed from a plurality of liquid crystal display cells 
(3, 6, 8) stacked one on top of another, a light guide (4) adapted to transmit light only in a direction 
perpendicular to the display surfaces of the liquid crystal display cells is interposed between the first 
liquid crystal display cell (3) disposed nearest to an observer (11) and the second liquid crystal display 
cell (6) disposed behind the first liquid crystal display cell (3). Because of the provision of the light guide 
(4), the images formed on the second and third liquid crystal display cells (6, 8) are focused through the 
light guide (4) onto the rear surface of the first liquid crystal display cell (3), viewed from the direction of 
the observer (11). This serves to prevent the image separation. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a stacked liquid crystal display system for forming an image, for example, 

a color image, by superposing images displayed on a plurality of liquid crystal display ceils. 

2. Description of the Related Art 

10 There have previously been proposed a variety of liquid crystal display systems for forming an image by 

superposing images displayed on a plurality of liquid crystal display cells. One such system is constructed by 
stacking component members one on top of another,, in the order of a first polarizer, a first STN (supertwisted 
nematic) liquid crystal ceil, a second polarizer, a second STN liquid crystal cell, a third polarizer, a third STN 
liquid crystal cell, and a fourth polarizer (USP No.4917465, Japanese Patent Examined Publication No.59- 

15 38565). 

This liquid crystal display system is capable of providing a color display by combining the retardation values 
of the liquid crystal display cells with associated color polarizers. To produce colors, the system uses a sub- 
tractive color mixture process by which three primary colors, cyan, yellow, and magenta, are mixed together 
to produce eight colors, white, cyan, magenta, blue, yellow, green, red, and black. It is also possible to produce 

20 a greater number of colors, such as 16, 64, and 128 colors, by displaying the three primary colors in various 
luminance and by varying their light transmittance ratios. 

In the above stacked crystal display system, the three liquid crystal display parts, each comprising an STN 
liquid crystal cell and associated color polarizers disposed adjacent thereto, function to produce the three pri- 
mary colors, cyan, yellow, and magenta, respectively. That is, a liquid crystal display part for producing cyan, 

25 a liquid crystal display part for producing yellow, and a liquid crystal display part for producing magenta are 
stacked one on top of another to construct the display system. 

As described above, in the so-called stacked liquid crystal display system for producing a display by com- 
bining a plurality of liquid crystal display cells, the liquid crystal layers of adjacent liquid crystal display cells 
are separated by glass substrates, as components of the liquid crystal display cells, and a polarizer, thereby 

30 increasing the spacing between the liquid crystal layers, i.e. the spacing between the display surfaces. The 
resulting problem is that an apparent separation occurs between the superposed images as the angle between 
the observer's line of sight and the normal to the display surface area increases (the angle is hereinafter re- 
ferred to as the viewing angle). 

Therefore, in such stacked liquid crystal display systems, transmitted light is extracted in parallel, for ex- 

35 ample, by an overhead projector (OHP), so that the image formed on the liquid crystal display is projected in 
enlarged form onto a screen in front. In such a projection system, apparent separation of images due to an 
increase in the viewing angle can be avoided. 

However, as it requires a high intensity backlight (light source) for projection of light, the power consumption 
increases, rendering battery operation impracticable. Furthermore, the projection system has such problems 

ao that it requires the provision of accessory optics, such as a Fresnel lens for screen projection, making the sys- 
tem further complex in construction and larger in size, and also that the projection for enlarged viewing lowers 
the image definition of the display. 

These problems defeat the advantages of the liquid crystal display that is low power, can be driven by bat- 
teries, and is thin and light weight in construction, and thus limit the range of potential applications for the 

45 stacked liquid crystal display system. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a liquid crystal display system that can prevent apparent separation 
50 of images due to an increase in the viewing angle. 

According to the present invention there is provided a liquid crystal display system for forming a display 
image by superposing images displayed on a plurality of liquid crystal display cells stacked one on top of an- 
other, the system comprising an optical member interposed between a first liquid crystal display cell disposed 
nearest to an observer of the display image and a second liquid crystal display cell disposed behind the first 
55 liquid crystal display cell, the optical member being adapted to transmit light only in a direction perpendicular 
to the display surfaces of the liquid crystal display ceils. 

In accordance with the invention, a plurality of liquid crystal display cells are provided, and an optical mem- 
ber adapted to transmit light only in a direction perpendicular to the display surfaces of the liquid crystal display 
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celts is interposed between a first liquid crystal display cell disposed nearest to an observer of the display image 
and a second liquid crystal display cell disposed behind the first liquid crystal display cell. Because of the pro- 
vision of the optical member, since the images formed on the second and subsequent liquid crystal display 
cells are focused onto the rear surface of the first liquid crystal display cell, there occurs no apparent separation 
5 of images due to an increase in the viewing angle. This effect has been confirmed by an experiment conducted 
by the present inventor. 

In a display system according to the invention, a plurality of liquid crystal display cells are provided, and 
an optical member adapted to transmit light only in a direction perpendicular to the display surfaces of the liquid 
crystal display cells is interposed between a first liquid crystal display cell disposed nearest to an observer of 

10 the display image and a second liquid crystal display cell disposed behind the first liquid crystal display cell. 
Because of this arrangement, since the images formed on the second and subsequent liquid crystal display 
cells are focused on the rear surface of the first liquid crystal display cell, there occurs no apparent separation 
of images due to an increase in the viewing angle. 

This makes it possible to incorporate the so-called stacked liquid crystal display not only into a projection 

15 system but also into a variety of other products, thus enlarging the range of applications for the liquid crystal 
display of this type. 

The present invention also provides a liquid crystal display system comprising: a first polarizer, a first liquid 
crystal display cell, a second polarizer, a second liquid crystal display cell, a third polarizer, a third liquid crystal 
display cell, and a fourth polarizer, stacked in this order; and an optical member interposed either between the 
20 first liquid crystal display cell and the second polarizer or between the second polarizer and the second liquid 
crystal display cell, the optical member being adapted to transmit light only in a direction perpendicular to the 
display surfaces of the liquid crystal display cells. 

In one preferred embodiment, the first polarizer is a cyan colored polarizer; the second polarizer is a blue 
colored polarizer; the third polarizer is a red colored polarizer; and the fourth polarizer is a yellow colored po- 
25 larizer. 

In another preferred embodiment, the optical member consists of a plurality of optical fibers arranged in 
close proximity with their light transmitting direction oriented parallel to the direction perpendicular to the display 
surfaces, the entire optical member being molded into a flat panel shape. 

In a further preferred embodiment, the optical member consists of a plurality of sheet-like members coated 
30 with total reflection film on both front and rear surfaces thereof and arranged parallel to each other with the 
total reflection film surfaces facing each other. 

In a still further preferred embodiment, the optical member comprises two light guides each consisting of 
a plurality of sheet-like members coated with total reflection film on both front and rear surfaces thereof and 
arranged parallel to each other with the total reflection film surfaces facing each other, the two light guides 
35 being disposed with their planes along the longitudinal direction of the sheet-like members being arranged at 
right angles to each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Other and further objects, features, and advantages of the invention will be more explicit from the following 

detailed description taken with reference to the drawings wherein: 

Fig.1 is a diagram showing the construction of a liquid crystal display system 1 according to one embodi- 
ment of the invention; 

Fig.2 is a perspective view of a light guide 4 used in the liquid crystal display system 1; 
45 Fig.3 is a graph showing the spectral transmittance of a first polarizer 2 used in the liquid crystal display 

system 1 ; 

Fig.4 is a graph showing the spectral transmittance of a second polarizer 5 used in the liquid crystal display 
system 1 ; 

Fig. 5 is a graph showing the spectral transmittance of a third polarizer 7 used in the liquid crystal display 
50 system 1 ; 

Fig.6 is a graph showing the spectral transmittance of a fourth polarizer 9 used in the liquid crystal display 
system 1 ; 

Fig .7 is a diagram showing the orientations of component members of the liquid crystal display system 1 ; 
Fig .8 is a diagram showing the construction of a I iquid crystal display system 21 as a comparative example 
55 related to the invention; 

Fig. 9 is a perspective view of a light guide 17 according to another embodiment of the invention; and 
Fig. 10 is a diagram showing the orientations of component members of a liquid crystal display system in-' 
corporating the light guide 17. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now referring to the drawing, preferred embodiments of the invention are described below. 
Fig.1 is a diagram showing the construction of a liquid crystal display system 1 according to one em bod i- 
5 ment of the invention. The liquid crystal display system 1 comprises a first polarizer 2, a first liquid crystal dis- 
play cell 3, a light guide 4, a second polarizer 5, a second liquid crystal display cell 6, a third polarizer 7, a third 
liquid crystal display cell 8, and a fourth polarizer 9, stacked in this order when viewed from the direction of ah 
observer 1 1 . Furthermore, a light source 1 0 is disposed behind the fourth polarizer 9, viewed from the direction 
of the observer 11. 

10 The liquid crystal display system 1 produces the display by superposing the images such as characters 

and numerals formed on the first, second, and third liquid crystal display cells 3, 6, and 8. The liquid crystal 
display cells 3, 6, and 8 each comprise a liquid crystal layer interposed between glass substrates of 0.7mm 
thickness. The liquid crystal layer is composed of STN (supertwisted nematic) liquid crystal having a twist angle 
of 180°. The retardation values with no voltage applied are 630 nm (spectrum) for the first liquid crystal display 

15 ceil 3; 540 nm (spectrum) for the second liquid crystal display cell 6; and 438 nm (spectrum) for the third liquid 
crystal display cell 8. 

The light guide 4 consists of a plurality of optical fibers arranged in close proximity and molded into a flat 
panel shape, as shown in Fig.2(1 ). Each optical fiber is a step-index fiber and consists of a core 15 of polymethyl 
methacrylate (PMMA) and a cladding 16 of f luorocarbon resin. The diameter of each optical fiber is chosen to 

20 be 1 mm or smaller, while the thickness of the light guide 4 after molding is chosen to be 1 0mm. The same effect 
can be obtained whether the light guide 4 is positioned on the front side or the rear side of the second polarizer 
5, viewed from the direction of the observer 11 , but it is preferable to place it on the front side. 

In the light guide 4 of the above construction, the incident light travels down the length of the f iber while 
undergoing total reflection at the interface between the cladding 16 of low refractive index and the core 15 of 

25 high refractive index. In this embodiment, the first polarizer 2 is a cyan colored polarizer having the spectral 
transmittance shown in Fig. 3, the second polarizer 5 is a blue colored polarizer having the spectral transmit- 
tance shown in Fig.4, the third polarizer 7 is a red colored polarizer having the spectral transmittance shown 
in Fig. 5, and the fourth polarizer 9 is a yellow colored polarizer having the spectral transmittance shown in Fig. 6. 
Fig.7 is a diagram showing the orientations of the light transmitting axes of the polarizers, in relation to the 

30 orientations of the liquid crystal molecules, in the liquid crystal display system 1 . The arrow R1 designates the 
light transmitting axes of the first and third polarizers 2 and 7, while the arrow R2 indicates the light transmitting 
axes of the second and fourth polarizers 5 and 9. The arrow R3 shows the orientation of the liquid crystal mol- 
ecules in the front side area of each of the liquid crystal display cells 3, 6, and 8, viewed from the direction of 
the observer 11, and the arrow R4 represents the orientation of the liquid crystal molecules in the rear side 

35 area thereof, viewed from the direction of the observer 1 1 . 

Fig.8 shows the construction of a liquid crystal display system 21 as a comparative example. Except that 
the light guide 4 is omitted, the liquid crystal display system 21 is identical in both construction and component 
disposition to the liquid crystal display system 1 shown in Fig.1. Both liquid crystal display systems 1 and 21 
are capable of producing colors utilizing the principle of subtractive color mixture. White color can be produced 

40 by putting all the liquid crystal display cells 3, 6, and 8 in the ON state. 

In the liquid crystal display system 21 that produces the display by combining a plurality of liquid crystal 
display cells (in this example, three cells), there occurs an apparent separation of images as the viewing sngle 
increases (the viewing angle is the angle that the line of sight of the observer 11 makes with the normal to the 
display surface of each liquid crystal display cell). This is because the spacing between the liquid crystal layers 

45 of adjacent liquid crystal display cells, i.e. the spacing between adjacent display surfaces, is increased by the 
thicknesses of the glass substrates, as components of the liquid crystal display cells, and the thickness of the 
polarizer interposed therebetween. When the spacing between the display surfaces is denoted as U the mag- 
nitude of image separation as W, and the viewing angle as 9 , the following equation is given. 

[Equation 1] 8 = tan- 1 W/L 

so When the glass substrate thickness is set at 1 .1 mm and 0.7mm, and the magnitude of image separation is set 
at 100u.m, 200um, and 300u.m, respectively, the viewing angles for the respective values are given as shown 
in Table 1 (the polarizer thickness and liquid crystal layer thickness are disregard). 



55 



4 




EP 0 523 987 A1 



Table 1 



L 

W 


0. 7mm 


1 . 1 mm 


1 . 4mm 


2 . 2mm 


lOO^ra 


8.1* 


5.2 # 


4.1* 


2.6 # 


200^ro 


15.9° 


10.3° 


8,1° 


5.2° 


300m m 


23.2° 


15.3° 


12.1° 


7.8° 



15 

Assuming that the spacing between the display surfaces is 0.7mm and the image separation is acceptable 
up to 300pjm, a liquid crystal display up to the size of B5 will be acceptable when the liquid crystal display is 
to be viewed at a distance of 30cm. (B5 is a Japanese paper size, of approx 182mm x 257mm.) However, this 
cannot be realized because of a lower limit to the practical thickness of the glass substrate, of the glass sub- 
20 strate. 

As shown in Fig.1 illustrating the construction of the liquid crystal display system 1, the light guide 4 adapted 
to permit transmitted light to pass only in the direction perpendicular to the display surfaces of the liquid crystal 
display ceils is interposed between the first liquid crystal display cell 3 disposed nearest to the observer 11 
and the second liquid crystal display cell 6 disposed behind the first liquid crystal display ceil 3. It has been 
25 confirmed by an experiment conducted by the present inventor that this arrangement serves to prevent the 
image separation from occurring. 

The light guide 4 only passes the light transmitted in the direction perpendicular to the second and third 
liquid crystal display cells 6 and 8 and projects the light onto the rear of the first liquid crystal display cell 3. 
As a result, the images formed on the second and third liquid crystal display ceils 6 and 8 are all focused through 
30 the light guide 4 onto the surface (rear) of the first liquid crystal display cell 3 f thus preventing the image sep- 
aration. The number of liquid crystal display cells to be disposed behind the light guide 4 is not limited to two, 
but the same effect can be obtained when three or more cells are disposed behind it 

In the light guide 4 consisting of step-index optical fibers as shown in Fig.2, the incident light travels down 
the length of the fiber while undergoing total reflection at the interface between the cladding 16 of low refractive 
35 index and the core 1 5 of high refractive index; therefore, the images formed on the second and third liquid crys- 
tal display cells 6 and 8 can be focused onto the rear surface of the first liquid crystal display cell 3. 

Consequently, even when the liquid crystal display system 1 is viewed obliquely, since the images on the 
second and third liquid crystal display cells 6 and 8 are focused through the light guide 4 onto the rear surface 
of the first liquid crystal display cell 3, there occurs no image separation against the image formed on the first 
40 liquid crystal display cell 3. An adequate effect can be obtained when the diameter of each optical fiber of the 
light guide 4 is chosen to be 1mm or smaller. 

The liquid crystal display system 1 provides a viewing angle of more than 20° from the vertical. With this 
viewing angle, there occurs no image separation on a B5-size screen when the screen is viewed from a distance 
of 30cm, and the construction is effective even for a 640 x 480-dot VGA compatible dot-matrix liquid crystal 
45 display system. (VGA is a standard of display device determined by IBM Corporation.) 

Fig. 9 is a diagram for explaining another embodiment of the invention. The feature of this embodiment is 
that the foregoing light guide 4 is replaced by a light guide 17 which is shown in Fig.9(1). The light guide 17 
consists of a plurality of polymethyl methacrytate (PMM A) sheets 1 8 stacked in parallel to the light transmitting 
direction, the PMMA sheets 18 having surfaces coated with total reflection film 19 formed from aluminum or 
so the like. The thickness of each PMMA film 18 is chosen to be 0.5 to 0.7mm, while the thickness of the light 
guide 17 is selected as 5mm. The light guide 17 may be positioned either behind or in front of the second po- 
larizer 5, as in the foregoing embodiment of Fig.1, but it is preferable to place it in front 

Unlike the light guide 4 consisting of step-index optical fibers, the light guide 17 has directionality; that is, 
in certain directions, the incident light travels down the path while undergoing total reflection, but in other di- 
55 rections, no total reflection occurs. It is therefore preferable to use two light guides 17 stacked one on top of 
the other, their planes along the longitudinal direction of the PMMA sheets 18 being arranged at right angles 
to each other. The following description of this embodiment, however, deals with the arrangement in which only 
one light guide 17 is used. 
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Generally* the display screen of a liquid crystal display is wider in horizontal directions as viewed from the 
observer 11, which means a greater viewing angle in horizontal directions. Therefore, the light guide 17 is posk 
tioned so that the directions in which total reflection takes place coincides with the horizontal directions of the 
display screen. Effective viewing angles were measured for the thus configured liquid crystal display, and the 
5 results showed that the viewing angle in horizontal directions was 20° or greater, whereas the viewing angle 
in vertical directions was about 5°. Therefore, the light guide 17 of this embodiment must be positioned con- 
sidering its directionality. 

As described above, in either embodiment, the liquid crystal display is capable of producing a dear display 
image as the observer 11 can directly view the display screen of the liquid crystal display, as opposed to a 

10 projection display by a projection system. 

When the liquid crystal display of either of the above embodiments is used as a transmission type liquid 
crystal display, sufficient brightness can be obtained using one or two cold cathode fluorescent tubes (CCFTs) 
as a source of backlighting. For example, when two CCFTs are used as a source of backlighting from the edges 
(sides), the luminance of the backlighting itself is 654 nt (nit), which is transmitted through the liquid crystal 

15 display with a resulting luminance of 30 to 40 nt, providing sufficient brightness for the display. Thus, the liquid 
crystal display of the invention incorporating a backlight system provides a liquid crystal unit (module) having 
low power consumption, making it possible to operate on batteries. 

Furthermore, when compared with projection systems, only one light guide is needed, which serves to fur- 
ther simplify the construction of the liquid crystal unit and reduce the thickness and overall size of the unit 

20 The invention may be embodied in other specific forms without departing from the spirit or essential char- 

acteristics thereof. The present embodiments are therefore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated by the appended claims rather than by the foregoing 
description and all changes which come within the meaning and range of equivalency of the claims are therefore 
intended to be embraced therein. 

25 



Claims 



1. A liquid crystal display system (1) for forming a display image by superposing images displayed on a plur- 
30 ality of liquid crystal display (3, 6, 8) cells stacked one on top of another, said display system comprising: 

an optical member (4, 1 7) interposed between a first liquid crystal display cell (3) disposed nearest 
to an observer (11) of the display image and a second liquid crystal display cell (6) disposed behind the 
first liquid crystal display cell (3), the optical member (4, 17) being adapted to transmit light only in a di- 
rection perpendicular to the display surfaces of the liquid crystal display cells (3, 6, 8). 

35 

2. A liquid crystal display system (1) comprising: 

a first polarizer (2), a first liquid crystal display cell (3), a second polarizer (5), a second liquid crystal 
display cell (6), a third polarizer (7), a third liquid crystal display cell (8), and a fourth polarizer (9), stacked 
in this order; and 

40 an optical member (4, 1 7) interposed either between the first liquid crystal display cell (3) and the 

second polarizer (5) or between the second polarizer (5) and the second liquid crystal display cell (6), the 
optical member (4, 17) being adapted to transmit light only in a direction perpendicular to the display sur- 
faces of the liquid crystal display cells (3, 6, 8). 

45 3. A liquid crystal display system (1) as set forth in Claim 2, wherein: the first polarizer (2) is a cyan colored 
polarizer; the second polarizer (5) is a blue colored polarizer, the third polarizer (7) is a red colored polar- 
izer; and the fourth polarizer (9) is a yellow colored polarizer. 



50 



A liquid crystal display system (1 ) as set forth in Claim 1 or 2, wherein the optical member (4) consists of 
a plurality of optical fibers (15, 16) arranged inclose proximity with their light transmitting direction oriented 
parallel to the direction perpendicular to the display surfaces, the entire optical member (4) being molded 
into a flat panel shape. 

5. A liquid crystal display system (1) as set forth in Claim 1 or 2, wherein the optical member (17) consists 
of a plurality of sheet-like members (18) coated with total reflection film (19) on both front and rear surfaces 

55 thereof and arranged parallel to each other with the total reflection film (19) surfaces facing each other. 

6. A liquid crystal display system (1) as set forth in Claim 1 or 2, wherein the optical member (1 7) comprises 
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two light guides each consisting of a plurality of sheet-like members (18) coated with total reflection film 
(19) on both front and rear surfaces thereof and arranged parallel to each other with the total reflection 
film (19) surfaces facing each other the two light guides being disposed with their planes along the long- 
itudinal direction of the sheet-like members (1 8) being arranged at right angles to each other. 
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Fig. 7 
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